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There is a need for managintg temiiporal clintical
information givenm at differen1t levels of gramiularity.
Different tiilie granularities are also needed in
queryinig cliniical databases. Int this paper, we describe
GCH-OSQL (Granular Clintical History - Object
Struictuired Quieiy Lamigiuage), ani object-orienited
temporally-orienited extension of SQL. GCH-OSQL
is based oni an7 object-ori.emtied teinporial daita 1nodel. It
allows stor-age of cli,iical iniform01atioin at differ-enit anid
ni.mied granularities. GCH-OSQL deals wvith the valid
timiie of cliniical ilnform-zalioni. GCH-OSQL offers also
a graphical uiser-initerface. It guides differen7t enid users,
from1 e.xpert to niaive, to formiulate expressive aiid
correct queries.

INTRODUCTION

The field of medical iinformatics hias addressed the
maniagemiienit anid rel)resentation. of clinical
iniformationi temil)oral dimiienisioni [1, 2]. Ti ime
inifluienices decisioni maiaking activity in diagnlosis,
therapy, anid prognosis [2, 3]. Recenitly, maniy
researchers highlighted the need for quierying, temporal
clinical databases by high abstraction level luaguages
[2,3].
Cliniical iniforimlatioII conisists bothi of natuiral
languaae senitences (suichi as anamnieses, thierapies),
und of quantitative parameters (such as heart rate,
systolic blood pressuire). The temporal dimensioni of
suchi data could be expressed by uising different time
units, or by expressing tem)poral localizationi with
some degree of uncertaintv: differenit levels of
granilularity characterize the cliniical inifo-rmatioon [4].
The oraiinularity of a aiven temporal inforiiationi is
the level of abstractioni at which iniformationi is
definied [4]. For database systems based oln the
calend,ar tilne, granularity is the accuracy or the iuniit
of measuire uised for the timie scale (Ex: days, hours,
minultes, ...).
Some attempts have been inade to manage and store
temporal cliniical information witlh different
granularity at the database level [2, 4]. A specific
need conlsists in thie capability of quierying temporal
clinical databases specifyina suitable time
granularities, niot dlirectlv relatecl to the differenit
graniiularities of the stored clinical inifornmationi (Ex:
"select the l)atients, who tlhree years aao ...", but
"select the patienlts, * 'ho *w'ithin tlhree lhoturs ...").

An object-oriented approach seems to be appropriate
in managinlg the complexity of temporal clinical
iniformation [3, 4]. For this type of approach, we
definied and implemented the object-oriented and
temporally-oriented query laniguage GCH - OSQL
(Granular Clinical History - Object Structured Query
Language) as a temporal object-oriented extension of
the well-known quiery language SQL. The main aims
of the GCH-OSQL are:
* to allow the user to make queries on temporal

object-orielnted clinical databases, involving
different and mixed temporal granularities;

* to manage at the database level the uncertainty
comiing from compansons between temporal data of
different granularities.

We also developed a graphical interface for the GCH-
OSQL, to guide users with different skills easily
condcluct correct temporal quieries.

THE OBJECT-ORIENTED
TEMPORAL DATA MODEL

Basic Concepts
The object-orienited temporal data model of GCH-
OSQL is based on a common, usual object-oriented
data model as in [5]. An object models aniy kind of
enitity, e.g. a patient, a pathology. Each object has a
uniique identity, provided by the OID (Object
IDenitifier). A class (or a type) describes objects,
sharing the same properties: for example, the class
patienit describes the colimimioni featuires of all the
patients, represented into the database. Objects are
theii instances of a class. Properties of ani object and
relationships wvith other objects are defined by the
public interface of the class, conisistinlg of methods.
Ouir model supports the most common features of
object-orienltation: infoniiationi hiiding, overloading,
encapsulation, and single inhleritanice [5]. In the
following we will use the dot notation in referring to
the properties of an object by a method: the notation
o.17(..,..) stands for the application of the method m,
witlh the suitable arguimenits, to the object o. For
exm-unple, the birtlhdate of a certaini patient p will be
given by the notationi p.birth_date(.
We extenided the model to managae the temporal
dimenisioni of iniforimatioIn given at different mad mixed
granutilarities. We distinlguislh temiiporal objects anid
atemporal objects. By atem)poral objects we model the
real-world entities without a considered temporal
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dihmiesioln; by temporal objects we model real-world
entities, for w 'hich the temiporal dimiienision lhas to be
considered. The miodel sul)1)OrtS the valid timi1e for
teml)oral objects [6]: the valid timie of aUn object is the
timie when the fact, modleled by the object, is tnre inI
the replescnted reality. For examnile, the valid time of
ani object SV11mptoiii is the timie, diuring^ whlliclh the
par tticular symlnptoin is present.
Some l)redefilned data types miiodel the temporal
dimnciisioni of iniformationi; particullarly the t)ype
interval allowvs to miiodel tlle valid timie of a temporal
object: eaclh temporal object o has the particutlar
mctlhod o.valid_initerval() returning the valid time of
the object onie. The type interival is at the top of a
hiera.rchy of tpes iiodeling} the temiporal dimenisioni:
the hierachucy is coIm)osecd by the typIes elemnentalry
inlstcaiit, inst/a/it, diurfation1, interval. A fuirther
l)redcfiiecl tyl)e, I_o-set, allows for imnaiagen-lemnt of
tCelll)OrIal ol)jcCt scts.

Finally, the suitable J)rledcfincd tylpc bool3 imuilages
uncerltainty cominigii} f'romii relationslips between
temi-l)oraI objects, uisinlg a thr-ce-valued looic.
Time modeling by predefined types
An interval cani bc specified by the stauting instant,
the ending(y instant, and the cldurationi, aiven at differenit
anld miixed granullarities. Somne conistrainits exist
a miiong(y the startingc andcl endingi inistanits anid the

durliationi: tiveni two of the tlhree enitities tised to
sJ)ccify an interval (e.g. the startinga inistant ain(I the
(llratioin), the tilirCl entity (e.g. thie enlilln instanit) is

alffec(l by the granuilaritv of bothi the first two
centities: uisingi tlhese tlhree cntities, we can cxl)rcss an1
interval with cli ffrC'eint ai(n hectrogcneous granularlit.
It is p)ossibrle to idlenitifyN' an interval' havigia a dluirationi
aiven at a granlularlit finer than that of the st.rtingi
anlcl cendingor inistanits: for exampile1c, "oni September
1994, for 24 miniui11tes". Oni the other lhanid, it is
Ossible to icientify some intervals having the starting
(endingi) instant given at a granularlity finier tlhani the
endinges (Startill) instaUlt: "1on Scptember 23, 1994 for
Sevenmlionitlhs" or "for seven miionitlhs until Septeniber
23, 1994" or "'fromii Scpteilmber 23, 1994 to Dccciinber
12, 1994 in the evcning".

Illstants, s)ecificcl at (Iif'cfeciit granularitv, are
reprcsellted Onl thie tillme axis;i)b two timiie points -

call ccld ccllnentary ius tiUats - exp)resscd at the flinest
timec uIilt of second(ls. The instant "10/10/94" cani
coinci(le with onie of thle elemientary instants between
thle twvo extremiies "00:00:00 - IO/ 10/94" anid
"23:59:59 - 1010/94". As tor instants, two distances
bctw'een elemientar inlstaits idcntifv a curatioin.
A sulltable class corresponds to each of the above
clescribed conccpts, as previously mentionied.
The interval class. The class interval hIas iianily
Imecthiodis that allow1 to vcrify thle existcence of tenimporal
rclationishli'Ps almlonL i"Itclvals. In r-esl)cct to the
rclationishii)s hetweci intcrvals initroioduced by Alleni in
[7J, wc (deftine(d a licihe set oft tcimpora-l relationshlips.

Tlhis -allows us to also consider relationships dealing
wvith differenit granularities and with the duration of
intervals (tab I).

a lasts mintus than b

Tab.I Relationships defined for the class
interval. The table describes, by natural-language
expressions, the relationislhips definied for the class

intcrval. a and b are instances of the class initerval; X
is a gaveni granuilarity.

The t_o_set class. The t o set class

(temnporal. object-set) allows for mnanagement of a

(par-tially ordered) set of temporal objects. The
commiiiioni operations oni sets apply to instances of the
t_o_set class: inisertioni, deletioni, initcrsectioni,
uInioli, differenice, proof of the imemiiberslhip of an

eleimenit to the set, proof that the set is empty, or

conitainied in aniother set. Many otlher metlhods
chamacterize the t_o_set class, allownia to verify the
existenice of teml)oral relationslhips among objects,
having somiie specified featitres, belonginig to an
instmace of the t_o_set class. Ani inistanice of the
t_o_set class is a temploral object. Specialized
temlporal objects cai be definied by imihdenitinoa from the
t_o_set class. For example, it is lpossible to definie
the sets of the follow-uip visits by a class inhlieritinga
fromii the t_o_set class, adding) the constraiint that eachl
of' these sets is comnp)letely ordered (it is not possible
to have two overlapping follow-uip visits).
The three-valued logic
Because of timne staimpinia clinical data at different
aranutilarities, unicertainity can be related t o
relationships between intervals or instaits. In fact, it
is Inot always possible to be certain abotut trtuth or
falselhood of relationships between iintervals or
instaits. Conisider- the twvo senitenices "Ini Decemiiber
1994, the patient stifferecl from a headaclhe for seveti
clays", andcl "In Deceimber 1994, the )atient suiffered
fromii fltu lor fifteeni days". If we can say that flu
-iflected the patient loinaer tlhan lheadlaclhe did, we
c,ainot answer TRUTE or FALSE to the quiestion of
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Relatio uships
!I temporally expressed as b

a contemporary to b at granularity X
a temporally specifies b

a before b
a overlaps b
a during b

a starts as b at granularity X
a finishes as b at granularity X

a meets b at granularity X
a has duration expressed as b
a lasts as b at granularity X
a specifies the duration of b



whether the patient suffered from a lheadache before
sufferina fromii flu. Both aniswers could be wronlg,
becauise we doni't have enoughyl inifoniation (we doni't
know which day of December the two patlhologies
started or wvhich dlay they ended). Tlherefore, wve used a
three-valuied loaic introducinga, apart from the valuies
TRUE and FALSE, the value UNDEFINED. In the
object-oriented temporal data model, the predefined
type booi3 allows for maniagemiienit of all the tlhree
trutlh values, by extending the usual logical
connectives (AND, NOT, OR) and the logical
qu,antifiers (EXISTS, FOR EACH).

THE QUERY LANGUAGE GCH-OSQL

We extenided the SQL query language only in the
SELECT operation; The particlllar object-oriented
DBM\S will maniage the otlher operations (insertioni,
deletion, sclhema up)cdating, and so oni) by a specific
object-oiiiented programming lalanuage. Usually the
enid uiser miianages the clinical clatabase by suitable
grap)hical interfaces [4].
The temporal extension of the SELECT constrict
inicludes the additioni of the TIME-SLICE anid
MOVING WVINDOW clauises, anid thie capability of
referencinig the temporal dimenision of objects in the
WHERE,and SELECT clauises.
Queries in GCH-OSQL
The format of GCII-OSQL quiery lpresents the
following clautses, wlhere the squiare brackets mean
that the clause is optiOIlnl, in the sp)ecified order:

SELECT.
FRONt.
[ \WIER ......

[TINIE-SLICE........]
[MOVING W1'INDOW ........

The query retuirns the requiired iniformationi by the
metlhods specified in the SELECT clauise, from the
instances in the database of the classes specified in the
FRONM clause satisfyina the coniditionis imposed by
the optional W1HERE, TINIE-SLICE, N\lOVING
WINDOW clauises. These clauises conisider all the
objects for whiclh the specified conidition is TRUE or
UNDEFINED. Somne suiitable loaical coiuiectives or
keywords in the clauises allow the uiser to conisider
on;ly the TRUE valtue or onily the UNDEFINED
value.
The WHERE clause. Tlis clautse can contain both
the usual atemnjpor-al coniditiouis and com)plex teml1porl-
conditions. Temporal condclitionis are based on the
methods tranislatinig the previoously mentionied
relationislhips amiong temloral objects; in otlher words,
temporal coniditionis (Ex: the pathology "mnyocardial
infarction" occturred before the pathology ",angina")
canl be expressed by uising} metlhods of the class
interval applied to the valid time. More global
temporal coinditioins can be expressed by the metlhods
of the t_o_set class, verifying some featuires of the

temiiporal clinical objects belonging to a certain set.
For exaniple, it is possible to select the patients who
have, between their pathologies, both myocardial
infarction and angina in that temporal order.
Comiplex conditions could be composed beginning
froii simpler conditioiis, by the use of the logical
coninectives AND, OR, NOT, MUSTBE, MAYBE,
MUST_NOTBE. By the connectives MUSTBE,
MAYBE, and MUST_NOTBE, it is possible to
explicitly manage each of the three tnmth values.
The TIME-SLICE clause. With the TIME-
SLICE clause, only those objects in the database
whose valid time is contained in the interval specified
in the clause, are considered. For example, it is
possible to consider the patients' clinical facts for
only the last two years.
In this clauise is also possible to use the MUSTBE
andcl MAYBE keywords. Using the MUSTBE
keyword, only those objects whlose valid time is
colntained in the interval specified in the clauise come
advised. Usina the keyword MAYBE only those
objects, for whiclh it is uncertain that the valid time is
contained in the specified interval, are selected.
Thle initerval can be specified in fouir different ways:
the user could specify an interval, at the desired
graniularity, by the keywords FRONM and TO. The
interval can also be specified only by the startincg
instanit (FRON\tI) or by the endingy instant (TO). The
AT keyword allows for a particuilar interval consisting
of an instant specified at a suitable granularity.
The MOVING WINDOW clause. Through this
clauise the objects stored in the database are examined
by a tein)oral wvindow, of width specified in the
clatuse, that moves alolnc, the time axis. The
coniditions specified in other clautses are verified onily
oni the objects observable by tlhis wiindow. By this
clauise, for example, we can define the maximum
delay between the considered clilnical facts of a
patient.
The temporal dimienision of the initerval specified in
the N'IOVING WINDOW clauise is specified by a
nuimber followed by a label related to the grwanularity.
The labels for granularity, from the years to the
seconids, are yy, miim, dd, ihh, min, ss.

QUERYING A CLINICAL DATABASE

The object-oriented temporal data model previously
definied has been applied to a cliniical database. The
clinical database prototype is able to manage clinlical
data for followtup of patienits who have unidergone
coroniary-artery angaioplasty (PTCA) [4]. These
patienlts, after a 2-3 day-lona hospitalization, go
throuiglh soiie periodical follow-up visits aimed at
verifying the efficacy of angioplasty. For these
patients, the anamnnestic data have to be updated
durinlg the follow-up period. Management of temporal
aspect of these data is therefore relevant; the clinlical
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hiistory of these patienits lhas to be managed to relate
follow-uip parameters witlh cliniical events, such as
patholooies or therapies [4]. The clinical database
conitainis some temporal objects, modeled by the
classes therapy, related to previouis or current
therapies, diagntosis, related to previouis or current
patlhologies, anigio-visit, related to the parameters -
blood pressure, heart rate,.. - collected duringi follow-
up visits. The database is patient-oriellted: the class
patiellt allows to access to all the data of the patienits.
Eaclh object of the class patienit can have many
temporal objects of the classes therapy, diagiiosis,
anigio-visit, p.artially ordered by suitable instances of
the class t_o_set (or its subclasses).
To showv the expressiveniess of GCH-OSQL, let us
conisider the following cliniical quiery. For a patient
who has uindergonie PTCA, it is important that the
blood pressure is normial (i.e. SBP: 100 - 150
mmHg, DBP: 60 - 100 mmig-) iii the period
followiing the initerventioni. WATe want to know wlhicl
patienits, having normal valuies of the blood pressuire
for 90 days followina the intervention, suiffered from
anulgina anid unidclerwenit a reintervention within tlhree
vears. We will onily conisi(der the p)eriod between
M4arch 87 and N lay 95.
We can express tle quiery by GCHI-OSQL as:

SELECT P.surnaineo, P.naune()
FRONI patienit P, diagnosis A, angio visit B,

ana<iio visit C
WhI-ERE P.Dia_Set(.OCCUTRS(A) AND

P.Visit_Set(.OCCTRS(B) AND
P.Visit_Set(.OCCURS(C) AND
B.angiosexanO(.exaini_type() = "PFCA" AND
C.angio examn(.exaiii type() = "IfCA" AND
A .p oll)ogy ()= ngrinP AND1 N lSTBE
(B.BEFORE(A) AND A.B3EFORE(C)) AND
P.Visit_seto.N'LAINTAINS("SBPo>100 AND
SBPo<150", B.starto,"90dd") AND
P.Visit_seto.NMAINTAINS("DBP(>60 AND
DBP(<100", B.startO,"9O9dd")

TINIE SLICE FROM 3/87 TO 5/95
MOVING WINDOW 3yy

In this GCH-OSQL quiery we cani observe some
relevant features: i) differenit granuilarities (years,
montlhs, anid days) are explicitly used; ii) the
NMUSTBE operator allows for verification of the
certaiity of the p)recedellce between PTCA, ang(,inia,
andc the newVITCA; iii) lor temiporal relationslhips,
the quiery uises botlh metlhodls of the class interval
(BEFORE is a metlhod of the class interval - classes
diagnosis and angio_visit inhllerit from this class) and
of the class t_o_set (NMAINTAINS and OCCURS are
metlhods of the class t_o_set); iv) by the metlhods of
the class t_o_set it is p)ossible to verify some
complex conditions oni the objects belonging to a set
(in this case tlhat, duringi a pemiocd of 90 days stirting

from the PTCA intervention, the SBP and DBP
valuies are within a predefined range); v) the condition
by the MAINTAINS method considers also the
patient for wlhich it may be the blood pressure has
been in a range of nonnality.

THE SYSTEM

We implemented GCH-OSQL oni SUN workstations,
using ONTOS [8], an object oriented DBMS, and
OPEN LOOK, a set of tools for graphic applications
development.
GCH-OSQL provides users with a set of different
tools, related to the user skill, guiding composition
of reliable queries. In the constnmction of the graphic
interface of GCH-OSQL we tried to satisfy two
specific skill requirements of users. An Elementary
Guide is provided for a user already experienced in the
system, requiring simple help in composing the
clauses. A Complete Guide (Fig. 1) is provided for an
uniexperienced user, who wanits to be driven in the
fonnulation of queries.

DISCUSSION AND CONCLUSIONS

GCH-OSQL alnd the related temporal object-oriented
data model are not able to represent at the data level
temporal information having ihigl abstraction levels
(Ex: LOW, DECREASING, and FAST abstractions
for the Hb-count parameter [9]). However, GCH-
OSQL, applied to the temporal data querying at
database level, could enable hiiglher abstraction level
systems to perfoni more powerfuil abstractions on the
cliniical data, also considering mixed granularities and
uncertainty in the temporal references.
Ouir temporal object-oriented temporal data model is
the onily such model with the capability to idenitify, at
the database level, a time interval by different
granularities both for the starting instant, the
duration, and the ending instant.
Reaarding the granularity, our approach is similar to
those in [2] ill allowing for expression of the
uncertainity in the time reference that is not only
limited to the calendar-date granularity.
Some relevanlt features clharacterize GCH-OSQL, in
respect with other contribuitions in medical
informatics literatuire.
* Management of valid time expressed with

different granularity. The valid time could be
expressed at differenit granilarity botlh during data
inisertion and query composition. A subsequent
result is the simple management of temporal
coniditions in queries. In respect to SQL, in GCH-
OSQL few additional clauses are presemnt: TIME-
SLICE anid M4OVING WVINDOW. Instead adding
other clauses, we have thought of express the
verification of the temporal relationslhips ilnside the
WITHERE clause.
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Fig. 1 An example of the Complete_Guide modality in composing the query. The main window
globally displays the query; some othier windows hell) to select a class name, duirina the composition of the FROM
clauise. The M4OVING WINDOW clauise isn't presenit in the prototype version of the system.

* Management and expression of the
uncertainty related to temporal
relationships. GCI-I-OSQL manages temiporal
relationislhip uncertainty, using a three-valued loaic.
The conniectives MUSTBE, MIAYBE,
MIUST_NOTBE explicitly maniage the values of
suich logic. By this logic, it is possible to
distingueili shsre situiationls by possible situiationis,
dlue to comparison betwveen teln)or.al dimenisionis
exp)ressed in different garanularity.

Lastly, we provided a set of graphical initerfaces,
dependinig on the uiser skills, to support the
comnposition of the quiery.
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